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METHODOLOGY Open Access
Effect of room temperature transport
vials on DNA quality and phylogenetic
composition of faecal microbiota of
elderly adults and infants
Cian J. Hill1,2, Jillian R. M. Brown1,2, Denise B. Lynch1,2, Ian B. Jeffery1,2, C. Anthony Ryan3, R. Paul Ross2,
Catherine Stanton2,4 and Paul W. O’Toole1,2*
Abstract
Background: Alterations in intestinal microbiota have been correlated with a growing number of diseases.
Investigating the faecal microbiota is widely used as a non-invasive and ethically simple proxy for intestinal
biopsies. There is an urgent need for collection and transport media that would allow faecal sampling at distance
from the processing laboratory, obviating the need for same-day DNA extraction recommended by previous studies
of freezing and processing methods for stool. We compared the faecal bacterial DNA quality and apparent
phylogenetic composition derived using a commercial kit for stool storage and transport (DNA Genotek OMNIgene
GUT) with that of freshly extracted samples, 22 from infants and 20 from older adults.
Results: Use of the storage vials increased the quality of extracted bacterial DNA by reduction of DNA shearing.
When infant and elderly datasets were examined separately, no differences in microbiota composition were
observed due to storage. When the two datasets were combined, there was a difference according to a Wilcoxon
test in the relative proportions of Faecalibacterium, Sporobacter, Clostridium XVIII, and Clostridium XlVa after 1 week’s
storage compared to immediately extracted samples. After 2 weeks’ storage, Bacteroides abundance was also
significantly different, showing an apparent increase from week 1 to week 2.
The microbiota composition of infant samples was more affected than that of elderly samples by storage, with
significantly higher Spearman distances between paired freshly extracted and stored samples (p < 0.001). When the
microbiota profiles were analysed at the operational taxonomic unit (OTU) level, three infant datasets in the study
did not cluster together, while only one elderly dataset did not. The lower microbiota diversity of the infant gut
microbiota compared to the elderly gut microbiota (p < 0.001) means that any alteration in the infant datasets has a
proportionally larger effect.
Conclusions: The commercial storage vials appear to be suitable for high diversity microbiota samples, but may be
less appropriate for lower diversity samples. Differences between fresh and stored samples mean that where
storage is unavoidable, a consistent storage regime should be used. We would recommend extraction ideally
within the first week of storage.
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Background
The study of the human gut microbiota is a dynamic and
rapidly expanding area of research as alterations in this
complex ecosystem has been correlated with a wide range
of health effects on the host, including obesity [1, 2], be-
haviour [3] and the immune system [4], in particular auto-
immune diseases [5]. The need to separate correlation
from causation has intensified the need for intervention
studies in larger cohorts and multi-centre trials to account
for other potential confounders [6, 7]. In recent years, the
technical preparation of faecal samples has been shown to
be an important issue for microbiota analysis [8, 9]. One
important consideration when designing a gut microbiota
study is to decide on the method that will be used to store
the samples. Study design may not allow for immediate
processing of fresh samples due to either workflow issues
or geographical distance from sample collection centres to
the processing laboratory. Depending on study design,
subjects may report to labs or clinics for sample provision.
It may also be necessary to collect fresh samples from sub-
jects’ places of residence, which can be challenging for lo-
gistical reasons. The microbiome field therefore urgently
requires a sampling method which is cost effective, easily
applied outside of a clinical environment, and which pro-
duces an accurate representation of the microbiota com-
position without loss of any taxa [10].
A number of studies have therefore investigated the ef-
fect of different storage conditions on the apparent
microbiota composition [11–14], including a recent
study of the effect of three storage methods on the
microbiota, freezing and fixation by RNAlater or ethanol
[10]. The overall consensus from these studies indicates
that processing freshly collected samples remains the
gold standard where possible, but that a freeze-thaw
cycle does not significantly alter apparent microbiota
composition. Following storage, the method of extrac-
tion is very important [11, 13, 15, 16]. It is vital to em-
ploy a method which ensures that as much of the
microbial DNA as possible is extracted from a sample,
in particular gram-negative organisms and some Firmi-
cutes which are difficult to lyse. Numerous studies have
also determined the optimal set of primers to amplify
ribosomal RNA gene regions in an unbiased manner
[17–22]. The vast majority of projects use one or mul-
tiple regions of the 16S rRNA gene, although other
genes have been proposed such as the gene for the heat
shock protein, Cpn60 [18]. Each of these steps has the
potential to introduce bias in apparent microbiota com-
position and must therefore be carefully managed. This
is a major challenge when studying the microbiota or
when comparing microbiota studies.
The OMNIgene GUT kit, from DNA Genotek
(Ottawa, Canada) aims to eliminate a freeze-thaw step
when temporarily storing or transporting stool samples
for microbiota analysis. The product consists of a tube
with a metal ball and stabilisation buffer. Once a faecal
sample is placed in the tube and homogenised, it
remains stable at room temperature. It thus offers
advantages over traditional methods such as freezing
samples by removing the need for a donor to freeze their
sample at home, and it reduces the expense of transfer-
ring samples with ice packs or on dry ice. The product is
designed to maintain a stable bacterial profile until and
during transport to the laboratory for processing. We
tested the ability of the OMNIgene GUT kit to stabil-
ise faecal microbial DNA after both 1 and 2 weeks’
storage at room temperature in the provided tubes.
We compared the microbiota composition after stor-
age to the microbiota composition derived from the
same stool samples processed immediately upon
arrival at the laboratory, after transport at 4 °C. The
data shows efficient maintenance of the microbiota
composition for high-diversity microbiota samples,
and some alterations of abundance for low diversity
infant samples.
Results
In order to determine how well the OMNIgene kit
preserved DNA, we compared DNA extraction under
the following conditions: fresh and after both 1 and
2 weeks’ incubation at room temperature in the stor-
age vials provided in the kit—as per instructions for
use; 22 infants and 20 elderly subjects were examined
under these conditions. One elderly sample was sub-
sequently removed due to low read numbers (see the
“Methods” section). Additionally, the kit was com-
pared to other commonly used storage conditions on
a further subset of four subjects.
DNA extraction
Total faecal microbial DNA was extracted in each in-
stance by a repeat bead beating (RBB) method (de-
scribed in the “Methods” section), the major
disadvantage of which is DNA shearing. After storage
in the stabilising buffer, the technical steps involved
in the RBB extraction were greatly improved. The
separation between supernatant and waste pellet at all
stages was better defined, and the final nucleic acid
pellets were smaller, cleaner, and easier to re-suspend.
Furthermore, electrophoretic analysis showed the
DNA to be protected from shearing (Fig. 1), and the
ratio of absorbance values at 260 nm:280 nm were
improved (data not shown). The V4–V5 region ampli-
cons from all samples were subjected to Illumina se-
quencing on a MiSeq instrument (2 × 300 paired end
reads; average 74,173 reads per sample).
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Infant samples
There was no detectable difference in the abundance
profiles at genus level for any of the infant sample
datasets comparing freshly processed samples and
those prepared after either 1 or 2 weeks’ storage, des-
pite the individual infant microbiota datasets appear-
ing variable on a principal coordinate analysis (PCoA)
graph (Fig. 2a). Examination of the aggregated com-
positions of all infant samples combined showed no
significant difference at genus level between the rela-
tive abundance of any genera at time zero and after
2 weeks’ storage (Fig. 2c(i)). There was a trend to-
wards higher Faecalibacterium abundance and a dim-
inution of Clostridium XVIII, but the adjusted p value
for the difference was not significant. There was a
trend for some other bacterial genera to change abun-
dance, specifically a reduction in Bifidobacterium in
infant samples, but the magnitude of change did not
reach statistical significance (data not shown).
Elderly subjects
Similarly, we found that the derived faecal microbiota
composition of the elderly subjects was minimally af-
fected by storage in the stabilising buffer, as shown in
the PCoA plot (Fig. 2b) and genus-level microbiota
composition (Fig. 2c(ii)). The freshly extracted sam-
ples and the storage replicates grouped closely to-
gether. There was no significant change in the
relative abundance of any genera in fresh processed
samples and samples stored in the stabilisation buffer
for 1 week when examining them at a population
level using DeSeq2.
Infant and elderly samples combined
When the aggregate microbiota across each respective
time point was determined and compared, some signifi-
cant differences were observed when examined by
Wilcoxon signed-rank test (Fig. 2c(iii)). There was a sig-
nificant change in the relative abundance of Faecalibac-
terium (p < 0.001), Sporobacter (p < 0.01), Clostridium
XVIII, and Clostridium XlVa (p < 0.05) after 1 week of
storage in the tubes. After 2 weeks’ storage, these genera
remained significantly different from fresh and now also
with a significant increase in Bacteroides abundance (p
< 0.05). This suggests that the microbiota composition is
relatively consistent after storage in the stabilising buffer
at room temperature, but that the stability is reduced
over time due to subtle changes which occur when incu-
bated in the buffer. The genus Bifidobacterium displayed
lower proportions after storage but due to the higher
inter-individual variation of the level of Bifidobacterium
in the infants, the difference was not statistically signifi-
cant when analysed by Wilcoxon signed-rank test. In
order to examine the dataset by further statistical test
methods, another statistical method was utilised, a
paired DESeq test. In contrast to the Wilcoxon signed-
rank test, there was a much larger number of genera dis-
playing different relative abundance between freshly ex-
tracted samples and data derived from both 1 and
2 weeks’ of storage (Additional file 1: Table S1). This
suggests that subtle but significant changes occur in the
stabilising buffer compared to fresh extraction. It is im-
portant to note that there were no significant differences
between week 1 and 2 microbiota composition, regard-
less of the statistical test applied. This indicates that the
tubes are consistent in the profiles returned once stored,
Fig. 1 Agarose gel electrophoresis of elderly (top) and infant (bottom) samples after extraction. A, fresh; B, 1 week’s storage; C, 2 weeks’ storage.
Numbers indicate subject IDs
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despite returning subtle changes in absolute microbiota
composition.
Diversity of samples
The microbiota diversity of the infant samples, as mea-
sured by the Shannon index, was much lower than that
of the elderly subjects (Fig. 3a, p < 0.001). Storage of the
samples had no effect on this diversity after either 1 or
2 weeks (Fig. 3b). The apparent infant microbiota com-
position exhibited significantly higher variation than that
of elderly subjects’ samples, reflected in the Spearman
distance between storage time points (Fig. 3c). The dif-
ference between stored samples at week 1 and week 2 in
the elderly subjects (Fig. 3c(iii)) was significantly lower
than the difference between fresh and either 1 week
(Fig. 3c(i)) or 2 weeks’ (Fig. 3c(ii)) storage. The differ-
ence was consistently higher under all storage conditions
in the infant samples. This demonstrated that individual
infant samples tended to display greater difference be-
tween the microbiota composition of freshly extracted
samples and those stored before extraction. This sug-
gested that the lower diversity of the infant gut micro-
biota resulted in a higher susceptibility to non-specific
changes in the profile of the gut microbiota after storage.
The individual infant and elderly microbiota compos-
ition data are presented in Additional file 2: Figures S1
and Additional file 3: Figure S2, respectively.
Samples cluster with other samples from the same
subject after storage
To further investigate the differences in apparent micro-
biota composition between stored and freshly processed
samples, we generated a dendrogram using average clus-
tering on a Spearman distance matrix (Additional file 4:
Figure S3). Each of the three samples from all 19 elderly
subjects clustered together, with one exception,
a Infant samples b Elderly samples 
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Fig. 2 The effect of storage in DNA Genotek tubes for 1 and 2 weeks. a PCoA generated from a Spearman distance matrix, faecal samples from
infant subjects, grouped by subject. b PCoA generated from Spearman distance matrix, showing elderly subject faecal samples. c Aggregate
microbiota composition for (i) infant, (ii) elderly and (iii) all samples. The genera significantly altered, as according to the Wilcoxon signed-rank test,
in analysis of all samples after storage for 2 weeks are indicated by red text
Hill et al. Microbiome  (2016) 4:19 Page 4 of 10
demonstrating that they were more similar to one an-
other than any other sample. In the case of subject 41,
the 2-week sample extraction did not group with the
freshly processed and week 1 sample. There was no
obvious reason from the taxonomic classification of the
samples as to why they did not cluster together
(Additional file 3: Figure S2). Of the 22 infant samples,
three (14 %) of the microbiota composition datasets did
not cluster together across all three time points. The in-
fant samples that did not cluster with themselves, but
rather with samples from other subjects, did not retain a
consistent bacterial profile after storage (Additional file
2: Figure S1).
OMNIgene gut storage vials produce comparable
microbiota data to common storage methods
To investigate if the OMNIgene gut kit vials performed
comparably to commonly used storage methods, four
samples (two infant, two elderly) were extracted under a
range of different conditions (Fig. 4). To examine if there
was any effect of dilution of the sodium dodecyl sulfate
(SDS) concentration in the RBB lysis buffer due to the
storage buffer, samples were stored as previously in the
vials but extracted with 6 % SDS. This produced a final
working concentration of 4 % SDS; 0.1 g of stool was
also extracted fresh to examine if the amount of starting
material was a factor. Other sample storage conditions
tested were storage at 4 °C for a week, frozen at −80 °C,
and fixed overnight in RNAlater for 24 h before freezing
at −80 °C (as per [10]), as described in the “Methods”
section. No significant effect upon the microbiota com-
position was apparent for any of the storage techniques
at operational taxonomic unit (OTU), genus, or phylum
levels after analysis by DESeq (Fig. 4). Shannon diversity
analysis revealed no significant effect of any of the stor-
age methods tested on these four samples (data not
shown). The profiles are consistent across the numerous
different experimental conditions; however, it should
also be noted that the small sample size reduces the stat-
istical power of the statistical models used.
One infant sample was extracted under a number of
these different conditions (see the “Methods” section),
with the extracted bacterial DNA from the different
treatments amplified in duplicate using two different
amplification barcodes. No differences in microbiota
profile were observed (Additional file 5: Figure S5), with
all 18 microbiota datasets from the subject clustered to-
gether and 8 of the 9 PCR duplicate pairs grouped to-
gether on the dendrogram (Additional file 4: Figure S3),
showing negligible bias due to PCR amplification.
Discussion
The OMNIgene gut kit offers an apparent solution to
the problem of sample collection and processing, a prob-
lem recognized in the literature [10]. The extraction
method used for this study was the RBB method de-
scribed by Yu and Morrison [24], with some minor ad-
justments (see the “Methods”). A major disadvantage of
the method is shearing of DNA. Storage of sample in the
stabilising buffer greatly reduced shearing of the micro-
bial DNA, and this higher quality DNA resulted in
greater PCR efficiency.
We have demonstrated here the performance of the
storage tubes in preserving the microbial profile of stool
b
Elderly    Infant 
***
c
Fresh Week1  Week2 (i)     (ii)     (iii)    (iv)     (v)    (vi)
***
*
Elderly                  Infant 
a
ytisrevi
D
nonnahS S
ha
nn
on
 D
iv
er
si
ty
C
ha
ng
e 
in
 S
pe
ar
m
an
 D
is
ta
nc
e 
B
et
w
ee
n 
S
am
pl
es
Fig. 3 Elderly subjects have higher diversity than infant subjects and are less variable after storage. a Shannon diversity of infant and elderly
samples. b Shannon diversity values after storage across infant and elderly subject samples combined. c Higher variabilty of infant subjects
demonstrated by increase in the absolute Spearman distances between samples. (i–iii) elderly samples and (iii–vi) infant samples. (i) and (iv) fresh
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in the stabilising buffer. Upon examination of the data
from the 41 subjects together, it was observed that after
1 week of storage, relative abundances of Faecalibacter-
ium, Sporobacter, Clostridium XVIII, and Clostridium
XlVa were significantly different when compared to the
freshly extracted samples. There was also a non-
significant alteration in the abundances of Bacteroides
after 1 week’s storage when compared to fresh extrac-
tion, a difference which becomes statistically significant
after 2 weeks. This indicates a slight increase in the in-
stability after increased duration of storage when exam-
ined by paired Wilcoxon test. However, DESeq analysis,
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Fig. 4 Effect of storage conditions on the microbiota composition of human faecal samples. a The aggregated microbiota composition of four
subjects with indicated treatment conditions—no significant differences were observed at genus level between any of the different conditions of
extraction or storage after analysis by Wilcoxon signed-rank test or DESeq. b PCoA of samples, grouped by treatment conditions. No significant
differences observed at OTU level when examined by PerMANOVA analysis of the Spearman distance matrix. Condition labelled L–T—as displayed
above genus level bar charts in part A. c PCoA of samples, grouped by subject number. Significant differences were observed at OTU level when
examined by PerMANOVA analysis of the Spearman distance matrix. p < 0.001 between all subjects
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which uses a model based on the negative binomial dis-
tribution, detected numerous subtle differences at genus
level in the microbiota composition of fresh and stored
samples. Both analyses detected changes associated with
differential storage; however, these changes are smaller
than the variance between subjects and thus do not
affect the Beta diversity of the microbiota. No significant
alterations were observed in the microbiota once the
samples were stored using the kit, showing that individ-
ual microbial profiles remained consistent. This is im-
portant as two studies using two different approaches
(fresh versus room temperature transport vials) will
identify the same taxonomic differences and trends in
the microbiota between groups. However within a study,
an investigator should not mix the two storage ap-
proaches. Even though there are no significant micro-
biota alterations between week 1 and week 2, we cannot
rule out minor changes over time and so although it
may have a minimal impact, steps should be taken to
record the length of time in storage to ensure that it is
not a confounding variable. It is possible that either bac-
terial growth may occur in the environment of the stabi-
lising buffer, or more likely, differential lysis and DNA
degradation accompanies storage in the buffer.
As is well established [6], infant samples harboured
lower diversity microbiota than adults. This lower diver-
sity means that any variation in microbiota composition
caused by storage of the samples in the stabilising buffer
would have a proportionally greater effect on the infant
microbiota composition. In an attempt to account for
any variation that may be observed between fresh ex-
traction and storage in the stabilising buffer, one infant
sample was extracted under nine different conditions.
The individual variation observed in subjects may simply
be due to the section of the stool sample used (i.e. taking
the sample for the storage tube and the fresh samples
from different parts of the stool). It has been shown in
the past that repeated sampling of a different physical
site from the same stool sample can lead to some varia-
tions in microbiota composition [12, 23]. However, a
technical replicate of one fresh extracted elderly subject’s
sample (subject 24, Additional file 3: Figure S2) showed
high similarity despite extraction having been carried
out on two separate 0.2-g stool samples. Separate 0.1 g
and 0.2 g extractions were also extracted for four sub-
jects, showing high reproducibility (Additional file 6:
Figure S4). In addition to potential sampling bias, bias
could have been incurred by PCR amplification, al-
though the duplicated PCR amplification of all nine
samples from subject 22 (Additional file 5: Figure S5)
shows that this explanation of the observed individual
variation is improbable.
When comparing the DNA Genotek OMNIgene gut
kit to currently commonly used storage techniques, it
demonstrates comparable efficacy in maintaining the
composition of the gut microbiota as sampled from stool
samples (Fig. 4). The profiles remain taxonomically con-
sistent in our method comparison, but it should be
noted that more subject numbers with increased statis-
tical power may be required to discern if there are alter-
ations in the gut microbiota due to these differential
storage conditions. As most common alternative
methods involve freezing, this commercially available kit
is demonstrated to be a suitable alternative to patient
freezing of stool samples for the study of the gut
microbiota.
Conclusions
The DNA Genotek OMNIgene gut kit offers a solution
to the current common practice of patients freezing
samples in home freezers, which is a barrier to participa-
tion in studies for many people. It could also potentially
reduce the cost of transporting frozen samples, particu-
larly if they are transferred on dry ice which is expensive,
can cause burns to the skin if handled improperly, and
asphyxiation. Despite some individual faecal samples
showing differences in microbiota composition between
freshly extracted and stored samples, the Genotek
OMNIgene gut kit may offer a method for consistently
stabilising bacterial DNA without requiring freezing. It
also protects microbial DNA from shearing during ex-
traction, which could have benefits for other down-
stream processes that require high molecular weight
DNA, i.e. shotgun sequencing. When using the OMNI-
gene gut kits, we would recommend extraction within
1 week if possible as the aggregated microbiota profile
seems to undergo some genera-specific alterations due
to incubation in the stabilising buffer, and these alter-
ations may increase over time. Any changes have a pro-
portionally greater effect on low diversity samples. Since
changes in the proportional abundance of genera were
only found to be statistically significant when using the
larger cohort comprising all subjects, this may indicate
that further research with a greater number of subjects
may identify other genera whose apparent abundances
are affected by the storage conditions.
Methods
We collected infant faecal samples from 22 subjects,
ranging in age from 4 weeks to 2 years of age (median
2 years of age, interquartile range 6 months to 2 years
old), and 20 elderly samples, from subjects ranging in
age from 34 to 83 years of age (median 70 years old,
interquartile range 68 to 75 years old) (Additional file 7:
Table S2). One of the elderly donor samples was re-
moved from the study due to low read numbers (334
reads) of the freshly processed sample, which was below
the cut-off point of 20,000 reads per sample.
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Sample collection
Infant faecal samples were obtained from the INFANT-
MET cohort. Elderly subjects’ samples were collected as
part of the ELDERMET study. These studies were ap-
proved by Clinical Research Ethics Committee of the
Cork Teaching Hospitals. Subjects, or their mother in
the case of the infant subjects, have signed forms con-
senting to the study. Samples were collected from indi-
vidual’s home by a research nurse and immediately
transferred to the lab on ice. Upon receiving the stool in
the lab, DNA from 0.2 g was immediately extracted. An-
other 0.2 g portion was transferred to the DNA Genotek
tube. This tube contains a stabilising liquid and a mixing
ball. The stool sample was homogenised for 30 s by vig-
orous shaking. It was then stored at room temperature
for extraction after 1 and 2 weeks, respectively.
Extraction method
DNA was extracted from a single stool sample three
times; 0.2 g of stool immediately at collection time with-
out using the commercial collection kit and another
0.2 g of the same stool was placed into the OMNIgene
gut kit tube containing a proprietary stabilising buffer,
homogenised, and stored at room temperature. After
1 week’s storage at room temperature in the OMNIgene
gut kit tube containing the stabilising buffer, 0.8 ml of
this suspension was extracted. After a second week’s in-
cubation at room temperature, another 0.8 ml of the
stool/buffer suspension was extracted.
For the fresh extractions, microbial DNA was ex-
tracted from 0.2-g stool samples using the RBB method
described by Yu and Morrison [24], with some modifica-
tions. In brief, 0.2 g of stool was incubated with 1 ml
RBB lysis buffer (500 mM NaCl, 50 mM Tris-HCl,
pH 8.0, 50 mM EDTA, and 4 % SDS) in a fresh 2-ml
screw cap tube with 0.5 g sterile zirconia beads (1
3.0 mm bead, 0.1 g of 0.5 mm beads, and 0.3 g of
0.1 mm beads). It was homogenised via bead beating for
90 s (Mini-Beadbeater™, BioSpec Products, Bartlesville,
OK, USA), with the samples cooled on ice for 60 s be-
fore another 90-s bead beating. Samples were incubated
at 70 °C for 15 min to further lyse the cells. These sam-
ples were centrifuged, the supernatant removed, and
these RBB steps were repeated with 0.3 ml of RBB lysis
buffer. The supernatants were pooled and incubated
with 350 ml of 7.5 M ammonium acetate (SIGMA). The
DNA was precipitated by isopropanol, spun down into a
nuclear pellet which was washed by 70 % ethanol. The
pellet was allowed to dry and was re-suspended in TE
buffer and treated with RNAse and Proteinase K. It was
cleaned with QIAGEN buffers AW1 and AW2 and
eluted in 200 μl of AE buffer (QIAamp DNA Stool Mini
Kit, QIAGEN, UK). DNA was visualised on a 0.8 % agar-
ose gel and quantified using the Nanodrop 1000
(Thermo Scientific, Ireland). Extracted DNA was stored
at −80 °C.
For samples stored in the OMNIgene gut tube with
stabilising buffer, 0.2 g of the stool sample is placed in
the homogeniser and homogenised by shaking vigor-
ously for 30 s, aided by a metal ball. This was done in
parallel with the fresh extraction upon arrival of the
stool sample to the laboratory. The proprietary stabilis-
ing buffer is designed to preserve the integrity of the
microbiota without freezing and is designed to remain
effective at room temperature. For the storage samples,
0.8 g of the homogenised sample in the stabilisation buf-
fer was added to the 2-ml screw cap tubes containing
zirconia beads, as per fresh extractions. Then, a further
0.8 ml of RBB lysis buffer was added. The extraction
then proceeded as per the fresh sample RBB extraction
protocol.
Alternative storage conditions
Since the re-suspension of the stool in storage buffer re-
sulted in additional liquid being added to the DNA ex-
traction, this caused dilution of the concentration of
SDS in the lysis buffer, which may have affected the ex-
traction efficiency. To investigate this, we prepared fae-
cal samples from four subjects under a variety of
conditions. They were extracted using lysis buffer con-
taining either 6 % (w/v) SDS or the normal 4 % SDS, as
per the protocol above. This was to determine if the di-
lution of SDS by the stabilising buffer was influencing
the results. The remainder of the sample in the OMNI-
gene tubes were also stored at room temperature and
extractions were repeated after 1 and 2 weeks.
In order to compare to commonly used storage
methods, we investigated the efficacy of a number of fur-
ther storage conditions using these four subjects. We ex-
tracted 0.1 g stool fresh, without placing in the
OMNIgene stabilising buffer, in addition to the regular
0.2 g RBB extraction from fresh sample. The stool sam-
ple was stored at 4 °C for a week and then extracted. A
section of the stool sample was fixed in RNAlater for
24 h before freezing as per Franzosa et al. [10], and a
further section was immediately frozen at −80 °C before
extraction after 1 week.
For one infant sample (sample 22), the mother of the
infant immediately placed 0.2 g of a stool sample in a
storage tube after defecation. The remainder of this stool
sample was transferred to the lab in a regular stool col-
lection tube at 4 °C; 0.2 g of this sample was then trans-
ferred to a storage tube in the laboratory in order to
examine if the microbiota was altered during transport.
These two samples were then immediately extracted to
investigate whether incubation with the OMNIgene sta-
bilising buffer without storage for any length of time af-
fected the composition of the microbiota. This was again
Hill et al. Microbiome  (2016) 4:19 Page 8 of 10
done in duplicate with 6 and 4 % SDS buffer to act as a
control. All samples from this infant were PCR amplified
in duplicate to assess the effect of PCR bias between
samples.
16 s rRNA primers
The bacterial primers used for PCR amplification
were the V4–V5 region primers 520F (AYTGGGYD-
TAAAGNG) and 926R (CCGTCAATTYYTTTRAGT
TT). Initial primers for Illumina sequencing contain
the sequencing primer binding sites, forward or re-
verse 16S-specific primer, and a 10-nt in-line multi-
plexing identifier (MID). Dual separate MID were
attached to both the ends of the PCR product (Add-
itional file 8: Table S3).
The V4–V5 amplicons for Illumina sequencing were
generated using a two-step amplification procedure. The
first step reaction mix contained 50 μl BIO-X-ACT™
Short Mix (BIOLINE), 10 μl of 2 nM forward and re-
verse primers, 50 ng genomic DNA, and ddH20 to give a
final volume of 100 μl. Cycling conditions were an initial
95 °C, 5-min denaturation step; 30 cycles of 95 °C for
15 s, 42 °C for 15 s, and 72 °C for 30s; and a final 10-
min extension at 72 °C. The products were purified
using SPRIselect beads (Beckman Coulter, Indianapolis
IN) as per manufacturer instructions, using a 0.9:1 vol-
ume ratio of beads to product. The purified PCR prod-
ucts were eluted in 40 μl of ddH20. DNA quantity was
assessed via Quant-iT™ PicoGreen® dsDNA Assay Kit
(Invitrogen™). The samples were pooled in equimolar
amounts and sent to the sequencing service of the Uni-
versity of Exeter for library preparation and Illumina
MiSeq 2x300 bp paired end sequencing run. Nextflex
Rapid library preparation was carried out by the com-
pany to attach bridge adaptors necessary for clustering.
Bioinformatic pipeline
The obtained paired-end MiSeq sequences were joined
using FLASH (Fast Length Adjustment of SHort reads
to improve genome assemblies) programme [25]. The
MIDs were extracted and sequences were split into indi-
vidual samples and quality filtered using QIIME’s spli-
t_libraries_fastq.py, allowing for two ambiguous bases
per sequence (Ns). Sequences were quality filtered using
the USEARCH sequence analysis tool. In brief, se-
quences were filtered by length, single unique reads re-
moved, and the remaining reads were clustered into
OTUs. Chimeras were removed with UCHIME, using
the GOLD reference database. The original input se-
quences were mapped onto the OTUs with 97 % similar-
ity. An OTU table was subsequently generated using a
perl script. All reads were classified to genus level by
MOTHUR using the RDP reference database [26]. OTUs
were classified from these, when >50 % of the reads
agreed on a classification. Statistical calculations and
outputs were performed in R statistical framework and
Microsoft Excel. The returned read numbers varied
greatly from 273,713 to 334 reads. To combat the influ-
ence on the number of sequences in a sample on diver-
sity and other statistical tests, any sample under 10,000
sequences was discarded. This resulted in the loss of one
sample (subject33 fresh sample) from the data set. Since
this meant that only stored samples were available for
this subject, it was removed from the analysis, leaving 19
elderly subjects in the study. The OTU table containing
the remaining 139 samples was converted to a propor-
tion OTU table to reduce any bias from increased read
number of certain samples.
R statistical software package was used for all statis-
tical analysis and visualisation. Software libraries used
included made4, vegan, and DESeq2. The diversity index
used was the Shannon index. PCoA based on the Spear-
man distance ((1 − Spearman correlation)/2) of relative
abundances of OTUs was performed to determine clus-
tering patterns among subjects. Differences between
groups were tested for using PERMANOVA. To detect
significant differences between genera at different time
points, both the Wilcoxon signed-rank test and paired
DESeq2 software package was used and the adjusted p
value was used to test for significance. Proportional
genus level charts were generated using R and visualised
by Microsoft Excel.
Additional files
Additional file 1: Table S1. Summary of the significantly altered
genera after 1 and 2 weeks’ storage in the DNA Genotek OMNIgene gut
kit as determined by paired DESeq analysis. Statistically significant
increases in relative abundance are shown in red and significant
reductions are shown in green. Both log fold change and adjusted p
values are presented. (XLSX 13 kb)
Additional file 2: Figure S1. Microbiota composition of each sample
for every infant subject in the study. A = Fresh, B = 1 week’s storage, C =
2 weeks’ storage. Numbers indicate subject IDs. (PDF 120 kb)
Additional file 3: Figure S2. Microbiota composition of each sample for
every elderly subject in the study. A = Fresh, B = 1 week’s storage, C = 2 weeks’
storage. Numbers indicate subject IDs. Subject 33 was removed from the
main study due to the fresh sample having insufficient read number for
analysis. Subject 24 has two technical replicates for the fresh sample to
demonstrate the reproducibility of RBB extraction method. (PDF 132 kb)
Additional file 4: Figure S3. Majority of samples cluster by subject
showing stability of microbiota composition after storage. A) Dendrogram
using hierarchical clustering of a Spearman distance matrix, showing
clustering of samples with their technical replicates. Subject 41 is
highlighted as the only elderly subject where the samples did not cluster
together B) Magnification to indicate infant subjects. Subjects 08, 09 and 16
are highlighted as subjects where samples do not cluster together. Infant
subject 22 was extracted under nine difference conditions, and each
condition was replicated by a second PCR. (PDF 245 kb)
Additional file 5: Figure S5. In depth sampling of one stool sample
from an infant subject, with different storage conditions and different
concentrations of SDS in lysis buffer. A) 0.2 g of the sample incubated
immediately in DNA Genotek storage tube by mother. Remainder of
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stool sample transferred to lab in regular tube. B) 0.2 g transferred to DNA
Genotek storage tube in lab. C) 0.2 g sample extracted without storage
tube. Samples extracted either immediately or after 1 week’s storage (w0 or
w1, respectively) with 4 or 6 % SDS lysis buffer, as indicated, and amplified
in duplicate ((i) and (ii)). (A) and (B) samples were stored at room
temperature in storage tubes, while (C) was stored at 4 °C in a regular
sample collection tube before w1 extraction. (PDF 1450 kb)
Additional file 6: Figure S4. Microbiota composition of each sample of
four subjects after all conditions of storage. L = Fresh extraction 0.2 g
stool; M = Fresh extraction 0.1 g stool; N = storage for 1 week in DNA
Genotek storage vial and extracted with 4 % SDS RBB lysis buffer; O =
storage for 1 week in DNA Genotek storage vial and extracted with 6 %
SDS RBB lysis buffer; P = storage in regular stool collection tube at 4 °C
for 1 week; Q = storage for 2 weeks in DNA Genotek storage vial and
extracted with 4 % SDS RBB lysis buffer; R = storage for 2 weeks in DNA
Genotek storage vial and extracted with 6 % SDS RBB lysis buffer; S =
Frozen at−80 °C for a week prior to extraction; T = 0.2 g of stool fixed
overnight in 700 μl of RNAlater before freezing at−80 °C for a week.
(PDF 54 kb)
Additional file 7: Table S2. Subject details for each member in the
study. Subjects 50, 51, 53, 54 were not part of the main study but were
used for comparison of storage methods (Fig. 4). (XLSX 11 kb)
Additional file 8: Table S3. Primers and barcode sequences used in
the study. (XLSX 13 kb)
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Competing interests
The authors state that there is no conflict of interest in the work presented.
DNA Genotek provided OMNIgene kits for this study, but had no influence
on data interpretation. OMNIgene provided no financial backing for the
study. None of the authors were under the employment of, consulted for, or
own stock in OMNIgene.
Authors’ contributions
PWOT, RPR, CS and CJH designed the study. CJH and JRMB performed the
experiments. CJH, DL, and IBJ analysed the data. CJH wrote the paper. PWOT,
JRMB, DL, AR, RPR and CS edited the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
This work was supported by the Government of Ireland National
Development Plan by way of a (Department of Agriculture, Food and
Marine) FIRM grant to the INFANTMET project (10FDairy INFANTMET). This
work was also supported, in part, by Science Foundation Ireland through a
Centre award to the APC Microbiome Institute (SFI/12/RC/2273). We would
like to acknowledge the contributions of Carol-Anne O’Shea, Patricia Egan
and Dr Stephen Ryan in recruiting subjects for the study and collecting all
fresh stool samples from subjects. Raw sequence reads are available from the
Sequence Read Archive, under BioProject PRJNA318053
Author details
1School of Microbiology, University College Cork, Cork, Ireland. 2Alimentary
Pharmabiotic Centre, University College Cork, Cork, Ireland. 3Department of
Neonatology, Cork University Maternity Hospital, Wilton, Cork, Ireland.
4Teagasc Food Research Centre, Moorepark, Fermoy, Cork, Ireland.
Received: 8 November 2015 Accepted: 7 March 2016
References
1. Cani PD. Gut microbiota and obesity: lessons from the microbiome. Brief
Funct Genomics. 2013;12:381–7.
2. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An
obesity-associated gut microbiome with increased capacity for energy
harvest. Nature. 2006;444:1027–31.
3. Collins SM, Surette M, Bercik P. The interplay between the intestinal
microbiota and the brain. Nat Rev Microbiol. 2012;10:735–42.
4. Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune
responses during health and disease. Nat Rev Immunol. 2009;9:313–23.
5. Markle JGM, Frank DN, Mortin-Toth S, Robertson CE, Feazel LM, Rolle-
Kampczyk U, von Bergen M, McCoy KD, Macpherson AJ, Danska JS. Sex
differences in the gut microbiome drive hormone-dependent regulation of
autoimmunity. Science. 2013;339:1084–8.
6. Yatsunenko T, Rey FE, Manary MJ, et al. Human gut microbiome viewed
across age and geography. Nature. 2012;486:222–7.
7. De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB, Massart S,
Collini S, Pieraccini G, Lionetti P. Impact of diet in shaping gut microbiota
revealed by a comparative study in children from Europe and rural Africa.
Proc Natl Acad Sci U S A. 2010;107:14691–6.
8. Salter SJ, Cox MJ, Turek EM, Calus ST, Cookson WO, Moffatt MF, Turner P,
Parkhill J, Loman NJ, Walker AW. Reagent and laboratory contamination can
critically impact sequence-based microbiome analyses. BMC Biol. 2014;12:87.
9. Mardis E. The impact of next-generation sequencing technology on
genetics. Trends Genet. 2008;24(3):133–41.
10. Franzosa EA, Morgan XC, Segata N, et al. Relating the metatranscriptome and
metagenome of the human gut. Proc Natl Acad Sci U S A. 2014;111:E2329–38.
11. Maukonen J, Simões C, Saarela M. The currently used commercial DNA-extraction
methods give different results of clostridial and actinobacterial populations
derived from human fecal samples. FEMS Microbiol Ecol. 2012;79:697–708.
12. Wu GD, Lewis JD, Hoffmann C, et al. Sampling and pyrosequencing
methods for characterizing bacterial communities in the human gut using
16S sequence tags. BMC Microbiol. 2010;10:206.
13. O Cuív P, Aguirre de Cárcer D, Jones M, Klaassens ES, Worthley DL,
Whitehall VLJ, Kang S, McSweeney CS, Leggett BA, Morrison M. The effects
from DNA extraction methods on the evaluation of microbial diversity
associated with human colonic tissue. Microb Ecol. 2011;61:353–62.
14. Fouhy F, Deane J, Rea MC, O’Sullivan Ó, Ross RP, O’Callaghan G, Plant BJ, Stanton
C. the effects of freezing on faecal microbiota as determined using MiSeq
sequencing and culture-based investigations. PLoS One. 2015;10:e0119355.
15. Wesolowska-Andersen A, Bahl MI, Carvalho V, Kristiansen K, Sicheritz-Pontén
T, Gupta R, Licht TR. Choice of bacterial DNA extraction method from fecal
material influences community structure as evaluated by metagenomic
analysis. Microbiome. 2014;2:19.
16. Salonen A, Nikkila J, Jalanka-Tuovinen J, Immonen O, Rajilic-Stojanovic M,
Kekkonen RA, Palva A, de Vos WM. Comparative analysis of fecal DNA
extraction methods with phylogenetic microarray: effective recovery of
bacterial and archaeal DNA using mechanical cell lysis. J Microbiol Methods.
2010;81:127–34.
17. Claesson MJ, Cusack S, O’Sullivan O, et al. Composition, variability, and
temporal stability of the intestinal microbiota of the elderly. Proc Natl Acad
Sci U S A. 2011;108(1):4586–91.
18. Hill JE, Fernando WMU, Zello GA, Tyler RT, Dahl WJ, Van Kessel AG.
Improvement of the representation of bifidobacteria in fecal microbiota
metagenomic libraries by application of the cpn60 universal primer cocktail.
Appl Environ Microbiol. 2010;76:4550–2.
19. Cai L, Ye L, Tong AHY, Lok S, Zhang T. Biased diversity metrics revealed by
bacterial 16S pyrotags derived from different primer sets. PLoS One. 2013;8:e53649.
20. Liu Z, Lozupone C, Hamady M, Bushman FD, Knight R. Short
pyrosequencing reads suffice for accurate microbial community analysis.
Nucleic Acids Res. 2007;35:e120.
21. Sim K, Cox MJ, Wopereis H, Martin R, Knol J, Li M-S, Cookson WOCM,
Moffatt MF, Kroll JS. Improved detection of bifidobacteria with optimised
16S rRNA-gene based pyrosequencing. PLoS One. 2012;7:e32543.
22. Andersson AF, Lindberg M, Jakobsson H, Bäckhed F, Nyrén P, Engstrand L.
Comparative analysis of human gut microbiota by barcoded
pyrosequencing. PLoS One. 2008;3:e2836.
23. Krauth SJ, Coulibaly JT, Knopp S, Traoré M, N’Goran EK, Utzinger J. An in-
depth analysis of a piece of shit: distribution of Schistosoma mansoni and
hookworm eggs in human stool. PLoS Negl Trop Dis. 2012;6:e1969.
24. Yu Z, Morrison M. Improved extraction of PCR-quality community DNA from
digesta and fecal samples. Biotechniques. 2004;36:808–12.
25. Magoč T, Salzberg SL. FLASH: fast length adjustment of short reads to
improve genome assemblies. Bioinformatics. 2011;27:2957–63.
26. Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl
Environ Microbiol. 2007;73:5261–7.
Hill et al. Microbiome  (2016) 4:19 Page 10 of 10
